The nucleotide switch of tubulin and microtubule assembly: a polymerization-driven structural change.
GTP-binding proteins from the tubulin family, including alphabeta-tubulin, gamma-tubulin, bacterial tubulin, and FtsZ, are key components of the cytoskeleton and play central roles in chromosome segregation and cell division. The nucleotide switch of alphabeta-tubulin is triggered by GTP hydrolysis and regulates microtubule assembly dynamics. The structural mechanism of the switch and how it modulates assembly are beginning to be understood. A conserved structural change between the active and inactive states, different from other GTPases, may be extracted from recent tubulin and FtsZ structures. From these and the biochemical properties of tubulin, the new concept emerges that, contrary to what was thought, unassembled tubulin-GTP is in the inactive, curved conformation as in tubulin-GDP rings, and it is driven into the straight microtubule conformation by the assembly contacts; binding of the GTP gamma-phosphate only lowers the free energy difference between the curved and straight forms.